Background: Aims were to investigate sex, ethnicity, and age differences in achieving daily step count and television (TV) watching recommendations in schoolchildren. Methods: Participants were 615 children (n = 325) and adolescents (n = 290) aged 5 to 16 years. Activity was assessed over 5 days using pedometers; TV time was collected via parental proxy-report and self-report. Ethnic, sex, and age differences in step counts, TV time, and odds of meeting TV and step count recommendations were examined for weekdays, weekend days, and overall using generalized estimation equation modeling. Results: Overall, girls were more active than boys (P < .001). Adolescents were more active than children (P = .044), watched more TV (P = .005), and were less likely to meet TV watching recommendations (P = .004). Non-European children watched significantly more TV (P = .008), and were significantly less likely to meet TV recommendations than nonEuropean children (P = .001). Participants watched more TV and accumulated less steps on weekend days than weekdays. Conclusions: Multifaceted interventions focusing on both increasing activity and decreasing TV time are needed, especially on weekends. Children and girls may benefit more from activity interventions, while ethnic-specific interventions focusing on TV habits may be most efficacious for adolescents.
The substantial benefits of participation in regular physical activity throughout childhood are well documented. 1 Positive outcomes include improved bone health, blood lipid profiles, and psychological wellbeing, as well as a reduced risk of obesity and type 2 diabetes. 2, 3 Conversely, sedentary behaviors-television watching in particular-have been linked with increased body size and other negative health consequences in children. [4] [5] [6] Despite these findings, many children are insufficiently active for optimal health outcomes (eg, reduced risk of diabetes, obesity, etc.) 7, 8 and youth physical activity levels appear to be decreasing over time in the developed world, 9 including New Zealand. 10 While less is known about children's sedentary behaviors, 3 a disturbing trend toward high levels of television watching, media use, and screen time in young children has been observed internationally. [11] [12] [13] At the same time, a high and continually increasing prevalence of childhood obesity has been documented in New Zealand and worldwide. 11, 14 Considering also that both weight status and activity patterns track throughout childhood and into later life, [15] [16] [17] children are an especially important population group to target with strategies for improved activity and health profiles. 18 The identification of factors related to optimal activity profiles in children is imperative for designing successful interventions. Objective monitoring of physical activity is fundamental to achieving this goal; neither children nor their significant caregivers (eg, parents, teachers) are able to provide accurate reports of children's habitual activity over multiple days and settings. 19 In contrast, pedometers provide valid and reliable estimates of children's daily steps, 20, 21 and, at approximately NZ$50/US$35 for a research-grade unit, are currently the most cost-effective instruments for objectively measuring physical activity. Recent pedometer models (eg, New Lifestyles NL-2000, Yamax CW700) have multiday-memory capabilities, automatically storing daily activity data and thereby enabling the comparison of activity accumulated on different days (eg, weekday versus weekend). 22 Particularly relevant for large-scale studies, pedometer data are simple to collect, interpret, and disseminate to the general population. Indeed, the practicality of pedometers has led to their widespread use in health promotion initiatives and comparative research. 23, 24 Daily step count recommendations for children (11,000 and 13,000 steps·day -1 for girls and boys, respectively) were first published in 2001 by the President's Council on Physical Fitness and Sports. 25 These recommendations were determined using norm-referenced standards from a US sample, and no association with health outcomes was considered. Subsequent research used weekday step count and body mass index (BMI) data from US, Australian, and Swedish children to develop step count recommendations for girls and boys (12,000 and 15,000 steps·day -1 , respectively) associated with a reduced risk of BMI-determined overweight or obesity. 26 Expanding on this research, we recently established pedometer step count recommendations in New Zealand children using both weekday and weekend steps and percentage body fat (%BF) as the criterion reference. 27 The optimal step count values for predicting a %BF less than the 85th percentile were 13,000 (girls) and 16,000 (boys) steps·day -1 .
In addition to prescriptive research, pedometers have been widely employed in descriptive studies of children's activity. Current evidence indicates that boys are more active than girls, children accumulate more activity on weekdays than weekend days, physical activity decreases with age, and significant differences exist among many ethnic and socioeconomic groups. 22, [27] [28] [29] [30] [31] [32] Few studies, however, report between-group differences in the prevalence of achieving step count recommendations. Eisenmann et al 33 found that children who did not meet step count recommendations were twice as likely to be overweight or obese than those classified as sufficiently active. Considering that girls accumulate fewer daily steps than boys, 22, [27] [28] [29] [30] the use of step count recommendations may reduce the likelihood that natural sex differences will confound the identification of 'at risk' groups. For example, Duncan et al 30 found that while boys were substantially more active than girls, they were actually less likely to meet or exceed selected step count recommendations (47% of girls versus 29% of boys).
The lack of agreed best practice for measuring sedentary behaviors in children has resulted in inconsistent findings in relation to health outcomes. 34 To date, the majority of work in this area has focused on television watching. Less than 2 hours per day of television watching has been recommended for reducing the risk of overweight or obesity in children. 35 Notably, physical activity and sedentary behaviors are not interdependent; that is, an active child does not necessarily participate in fewer sedentary behaviors and vice versa. Indeed, Dollman and Ridley 36 determined it was possible for children to be both highly active and to accumulate high levels of screen time. Children who had low levels of activity and high levels of screen time in their study exhibited the least favorable health profiles. Similar findings have since been reported, with clustering of low activity and high sedentary time being associated with a substantially greater risk of being overweight or obese than one risk factor alone. 37, 38 Understanding which groups of children are at the greatest risk of unfavorable activity profiles can help inform the development of interventions for improving activity and health. To our knowledge, no studies have compared the effects of sex, ethnicity, age/school level, and day type (weekend day versus weekday) on achieving recommended levels of step count and television watching. Thus, the aim of this study was to investigate these factors in a sample of New Zealand school-aged children.
Methods

Participants
The cross-sectional data presented here were collected during the baseline phase of a 3-year, community-focused intervention designed to align physical activity messages and opportunities within a vertical cluster of neighboring schools and early childhood centers (Project InterActive). The 2 regional sports trusts responsible for implementing the intervention (Harbor Sport, Sport Waitakere) recruited 15 schools from 2 low income neighborhoods in Auckland, New Zealand, and 1977 children in total were invited to participate. Of this original sample, 853 (47%) provided the written informed consent (signed by each participant and his or her legal guardian) necessary to participate in the study. The age, sex, and ethnicity of each child were determined from the information provided by the parents upon enrollment in the school. For this study, the primary ethnicity selected by the parents was used in the analysis. Ethical approval to conduct the study was obtained from the host institution ethics committee.
Instruments and Procedures
Physical activity was assessed over 5 consecutive days (Wednesday to Sunday, inclusive) using sealed Yamax CW700 pedometers. Yamax pedometers have been shown to be both valid 21 and reliable 39 for use with school-aged children. In addition, the CW700 improves over conventional Yamax models by incorporating a multidaymemory function. Each pedometer was checked for defects before the study using 5 repetitions of the 100-step walking test described by Vincent and Sidman. 40 Before receiving their pedometers, participants were given an explanation of the purpose of the pedometer and a brief demonstration by a trained researcher. Participants were then asked to wear the pedometer on their waistline all day except while swimming, sleeping, or playing contact sports (eg, rugby). To assess participant compliance in primary school-aged children, a questionnaire was sent home to children's parents the day before the pedometers were due to be collected. Parents were asked to note any times the children were not wearing their pedometer outside of school. Intermediate and secondary school participants were asked to complete a compliance questionnaire upon pedometer collection. We assumed full compliance during school hours as teachers were aware of the participating children in their classes and were asked to provide regular reminders throughout the day. Data were excluded if participants removed their pedometer for more than 1 h on any given day. Furthermore, any days where step counts were less than 1000 steps·day -1 or greater than 30,000 steps·day -1 were treated as outliers and were removed. 22 All data were collected between July and September 2008.
Participants were classified as either children [attending Primary school (school years 0 to 6, equivalent to kindergarten plus years/grades 1 to 5 in Australia and the United States)], or adolescents [attending intermediate or secondary school (years 7 to 13)]. Although these classifications were not strictly based on age, this was a pragmatic decision made with the perspective that children of the same school level were more likely to be alike than those of a similar age but at a different school level.
Daily television watching time was collected via parental proxy-report (children) and self-report questionnaires (adolescents). The parental proxy-report questionnaires were sent home with the pedometer compliance questionnaire the day before pedometer collection. Questions on both versions asked how many minutes each day children spent watching television, DVDs, or videos on each of the past 7 days.
Data Treatment
Pedometer step thresholds of 13,000 steps·day -1 and 16,000 steps·day -1 were applied for girls and boys, respectively. 27 These thresholds were considered most appropriate for use in this sample given that they were the optimal weighted mean step count values for predicting nonoverweight (%BF <85th percentile) in New Zealand children. A threshold of watching more than 2 hours (ie, >120 min) of television each day was based on previous observations of elevated risk of overweight or obesity above this point. 35 Participants with ≥ 2 weekdays of step count data were considered in the analyses of weekday activity; those with ≥ 1 weekend day were included in weekend day activity analyses, and participants with data for ≥ 2 weekdays plus ≥ 1 weekend day were included in overall analyses.
Statistical Analyses
Descriptive statistics were calculated for child demographics, daily pedometer steps, and daily minutes of television time. Daily step and television data were considered as repeated measures. Preliminary checks were first made to ascertain whether step count or television watching data deviated importantly from normality. Separate univariable generalized estimating equation (GEE) models 41 were then used to consider the associations of the demographic factors [sex, ethnicity, age group (child, adolescent)] with steps accumulated and minutes of television watched, on weekdays, weekend days, and overall. An exchangeable within-child correlation structure was specified, with the generalized Wald's P-value to determine significance, and the robust Huber-White sandwich estimator of variance to determine 95% confidence intervals. Variables with a Wald's P-value ≤ 0.20 were then simultaneously considered in multivariable models 42 and sequential manual backward elimination of factors with Wald's P-value > 0.05 was conducted until all remaining factors were significant (P < .05). Two-factor interactions of remaining variables were then introduced into the models and sequential manual backward elimination of nonsignificant terms (P > .05) was undertaken until the most parsimonious model was found.
Binomial codes for achieving/not achieving recommended levels of pedometer steps and television watching were also generated. The odds of achieving recommended health behaviors were then compared by sex, ethnicity, and age group using GEE modeling, with a binomial probability distribution, logit link function, within-child exchangeable correlation structure, Wald's P-value, and the robust Huber-White sandwich estimator of variance specified. Two-factor interactions of remaining variables were then introduced into the models and sequential manual backward elimination of nonsignificant terms (P > .05) was undertaken until the most parsimonious model was found. All analyses were conducted in Stata/ IC 10.0 (StataCorp LP, TX), with significance set at 0.05. Residual checks were employed to determine whether any important violations of the GEE model assumptions had occurred.
Results
Instrumental error did not exceed 3% in any of the pedometers. Eight hundred and fifty-three children provided informed consent to participate in the study. Valid data were collected from 615 (293 boys, 322 girls) children aged 5 to 16 years (see Figure 1 for recruitment chart). Of these, 606 children provided valid data for television watching, 361 had valid pedometer data for ≥ 2 weekdays plus ≥ 1 weekend day, and 357 provided valid information on both television watching and overall pedometer steps (see Table 1 for demographic information). Table 2 shows the results of the separate GEE analyses for daily step counts and television watching. Girls accumulated significantly fewer daily steps than boys on weekdays and weekend days (by, on average, 2003 steps and 1419 steps, respectively, P < .001). No significant differences by sex were found for television time. Children accumulated significantly less steps and watched less television than adolescents on weekdays (mean difference of 790 steps daily, P = .022, and 23 minutes of television daily, P = .002); no age-related differences were found for either behavior on weekend days. Children of European ethnicity watched significantly less television than children of all other ethnicities on weekend days (by, on average, 22-73 minutes daily, P = .003), and overall (by 18-44 minutes daily, P = .009). No differences in pedometer steps were found by ethnic group. Table 3 shows all factors with Wald's P-values < 0.20 identified in the univariable analyses that were considered in the multivariable models. After backward elimination of nonsignificant factors, sex, age group, and ethnicity were all significant predictors of weekday pedometer steps, while sex was the only predictor for weekend day step counts. For television watching, age remained the only predictor on week days, and ethnicity the only predictor on weekend days. None of the two-way interactions were significant. Residual checks revealed no important violations of the models' assumptions.
With regard to the prevalence of achieving pedometer step and television watching recommendations, few children achieved both physical activity and television watching recommendations, predominantly due to daily pedometer step counts being below recommended levels ( Figure 2 ). No significant difference (P < .05) in the proportion of participants meeting step count recommendations on weekdays or weekend days were found for sex, ethnicity, or age group (Table 4) . Sex, age group, and ethnicity all yielded Wald's P-values < 0.20 in the univariable analyses for the odds of meeting step count recommendations on weekdays, so were simultaneously considered in a multivariable model, however after backward elimination, no significant factors (P < .05) were found.
No significant difference in the odds of meeting the recommended television watching criteria on weekdays or weekends was found by sex, and no difference in weekend television watching by age group was found. Adolescents were significantly less likely to self-report watching < 120 minutes daily of television compared with the children's parental proxy-reported television watching on weekdays (OR = 0.61, P < .001) and overall (OR = 0.69, P = .004). Non-European children were generally half as likely to meet the television watching criteria on week days than European children (OR ranging from 0.46-0.57, P = .002). Similar results were found for weekend days (OR 0.50-0.75, P = .230), and overall (OR 0.54-0.59, P = .001). Considering clustered health behaviors (ie, meeting both step count and television watching criteria), the only significant difference was found for age group, whereby adolescents were over 2.5 times more likely to meet both criteria than children on weekend days only (P = .021). Table 5 shows the final multivariable models for the odds of meeting recommended levels of television watching on weekdays and overall (ethnicity only was related to meeting television criteria on weekend days so no multivariable modeling was required). When simultaneously considered in the multivariable models, both age and ethnicity remained significantly associated with the odds of meeting television watching criteria, with adolescents (OR 0.69, P = .004) and those of non-European ethnicity (OR 0.52-0.60, P = .001) less likely to meet the criteria. No two-way interactions were significant, and residual analyses revealed no important violations of the models' assumptions.
Discussion
This study represents the first comparison of sex, ethnicity, and age group effects on the likelihood of achieving physical activity and television watching recommendations on weekend and weekend days in young people internationally. We used a repeated measures modeling approach to investigate relationships between objectively assessed physical activity patterns and television watching and potential associates, enabling the consideration of daily variability in activity levels within participants. Our results indicate that recommended levels of step counts were met in only 15% of days assessed. 27 These findings raise the possibility that universal step count recommendations are not appropriate for all communities. Comparisons with our previous research indicate that the children and adolescents participating in the current study were particularly inactive, with mean step counts approximately 5000 steps lower than estimates from the wider Auckland region. 22 The homogeneity in low activity levels in this group means that utilizing current step count recommendations for identifying "low active" youth to target for intervention is likely to be futile. In addition, these goals may be perceived as unattainable by many sedentary children, thereby discouraging participation and ultimately impairing intervention efficacy. 43 There is potential for a tiered system, perhaps maintaining the existing criterion-referenced recommendations as the definition of 'highly active,' but adding a 'moderately active' threshold that allows sedentary youth to have an attainable goal. The difficulty with this concept is identifying an appropriate health indicator (eg, body fatness) on which the lower recommendations can be based. Alternatively (or additionally), lower step count thresholds for weekend days would increase the number of children attaining recommended levels of steps overall, yet it could be argued this would normalize the lower activity observed on weekends and hinder efforts to redress the imbalance. Clearly, more information is required linking daily step counts to measurable health outcomes in children and adolescents. Abbreviations: CI, confidence interval; min, minutes; n, number of participants; Obs, number of repeated measures from all the n participants; steps, pedometer steps; TV, television. Abbreviations: CI, confidence interval; min, minutes; n, number of participants; Obs, number of repeated measures from all the n participants; steps, pedometer steps; TV, television.
It was notable that although girls accumulated significantly fewer daily steps than boys (P < .001), no differences in meeting the sex-specific step count recommendations was found. It could be concluded that the use of such recommendations are important to reduce the risk of spurious findings related to activity differences by sex. Debate exists however regarding the appropriateness of sex-specific activity recommendations. 26 There are 2 arguments: (1) girls naturally require less physical activity than boys and sex-specific step count recommendations simply reflect this difference, and (2) girls should be achieving as much physical activity as boys and sex-specific step count recommendations only serve to conceal the gender inequality. Until we know more about the differential health outcomes (above and beyond body size) associated with various physical activity levels in boys and girls it is difficult to resolve this issue.
In contrast to current step count recommendations, less than 2 hours of television each day appears to be an appropriate target in this sample, with 61% of days measured falling under the recommended level. In comparison, data from the European Youth Heart Study showed that overall, 69% of children watched less than 2 hours of television daily. There was considerable variance between the European nations, however, ranging from 57% (Estonia) to 86% (Norway) of children reporting watching television for less than 2 hours a day. Using a combined 'screen time' measure of television watching and video game playing, a study of United States children reported only 31% of children had screen time levels of less than 2 hours daily. 37 These studies highlight the substantial variance in television watching and screen time accumulation in children from different countries. Although ethnic variation in television watching has also been reported, 44 to our knowledge no studies have yet explored the differences in meeting recommended levels of television watching by ethnic group. We found that when compared with European children, the odds of meeting the television watching criteria were statistically significantly lower in all other ethnic groups (P < .001). These findings underscore the importance of tailored interventions that consider different activity dimensions with respect to age and ethnic background. The proportion of days where both step count and television watching recommendations was only 10%, but this was due primarily to the already low proportion meeting step count recommendations. While the additive effect of television watching was small in magnitude, the high levels of television watching in general (particularly in older children) indicate that it would still be worthwhile targeting this behavior in future activity and health-related interventions.
Another key finding of the current study was the substantial difference found between weekday and weekend day activity profiles, a result that was consistent for physical activity, television watching, and clustered behaviors (ie, physical activity and television watching combined), between boys and girls, and between children and adolescents. Earlier research has reported reduced pedometer steps 22, 30, 45 and increased television watching 46 on weekend days compared with weekdays. Our findings build on these data by emphasizing the importance of developing intervention strategies for both improved physical activity and reduced television watching during weekend days for all children, irrespective of age or sex. There are numerous possible reasons for the drop in activity behaviors in Figure 2 -Scatter plots of average daily television watching and pedometer steps for boys (A) and girls (B). Solid reference lines indicate thresholds applied for daily pedometer steps 27 and television watching 35 in the current study. Abbreviations: CI = confidence interval; Clustered, meeting both step and television watching criteria; n = number of participants; Obs, number of repeated measured estimated daily rates from all the n participants;
OR, odds ratio; steps, pedometer steps; TV, television.
Table 4 (continued)
weekends, and these are likely to differ for boys and girls, and by age group. Changing children's activity behaviors during weekends poses a considerable challenge. For most children in the developed world, weekdays are generally structured around the school day, enabling the implementation of activity interventions within the school program with relative ease and success. 47 Once children leave the school environment, parents not only become the gatekeepers of their children's activity, they also have numerous direct and indirect influences on the activity behaviors and preferences of their child. 48, 49 Evidence suggests that working with parents to improve their own activity levels, to encourage their child to be active and provide direct support for activity, and to provide a supportive home environment for activity may be effective in improving children's activity profiles. [50] [51] [52] [53] The efficacy of such strategies in improving activity over weekends is yet to be determined. Although age is usually negatively associated with physical activity, 28, 54 older children in the current study were significantly more active than younger children on weekdays (P = .022) and overall (P = .036). It is possible that the built environments of the targeted communities may have differential effects on younger versus older children's activity participation (eg, parental concerns about road safety may influence independent mobility in children but not adolescents). 55 Interestingly, older children also accumulated statistically significantly more television watching than younger children on weekdays and overall (by, on average 22 minutes daily, P = .002 and P = .004, respectively), and were less likely to meet recommended levels of television watching on weekdays (P = .001) and overall (P = .004). In agreement with earlier research, 36 these findings emphasize the complexity (and often independence) of children's activity and sedentary behaviors, and consequently the importance of using objective tools for precise physical activity measurement over both weekdays and weekend days.
Limitations of the current study include the relatively low proportion of participants with complete sets of pedometer data. While the low overall consent rate is consistent with the widespread decline in participation observed in epidemiological research, 56 the amount of data lost through pedometer noncompliance was disappointing. Our use of GEE analyses allowed for the consideration of daily activity data for all participants meeting inclusion criteria and provided unbiased estimates for data missing at random, 41 thus somewhat mitigating the Abbreviations: CI = confidence interval; n = number of participants; Obs, number of repeated measured estimated daily rates from all the n participants; OR, odds ratio; TV, television.
low compliance. Differing methods of eliciting child and adolescent television watching were used, potentially confounding age-group related findings for television watching and clustered behaviors. Considering we would expect adolescents to under-report their television watching, and parents to over-report the television watching of their child, we believe the statistically significant difference found between children and adolescents is likely to be valid. Moreover, it is possible that the differences found could be potentially underestimated. We would also expect more accurate television watching estimates with objective measurement techniques rather than subjective questionnaires. For example, electronic time monitors have recently been trialed as a method to record children's television patterns, 57 and the ongoing development of inclinometers (devices than log time spent standing and sitting) has substantial promise for research into all sedentary behaviors. Finally, it has been proposed that the application of step count recommendations in their current form is inappropriate. Beets et al 58 recently examined the utility of existing step count recommendations for predicting overweight in children. The relatively low sensitivity for correctly identifying overweight (mean: 77% in girls and 83% in boys) and specificity for correctly identifying nonoverweight (mean: 34% in girls and 28% in boys) led the authors to conclude that the utility of step count recommendations was minimal. In contrast, Laurson et al 59 reported a slightly lower sensitivity (mean: 53% in girls and 85% in boys) but higher specificity (mean: 71% in girls and 40% in boys) in step-count thresholds optimized using receiver operating curves and subsequently endorsed the use of step-count thresholds (with the appropriate caution) for predicting overweight in pedometry research. We contend that the fundamental purpose of step count recommendations is not to diagnose children as overweight or nonoverweight, but to provide a best estimate of how many step counts children should aim to achieve. It is clearly impossible to develop a perfect diagnostic criteria based on the complex relationship between physical activity and any measureable health indicators. Nevertheless, it is important that we have an idea of appropriate thresholds for pedometer-based interventions. We therefore suggest that the development and application of step count recommendations (and their subsequent refinement) is a critical step in the promotion of physical activity in people of all ages.
Conclusions
Insufficient physical activity and high levels of television watching are associated with unfavorable health outcomes in childhood. Using current physical activity and television watching recommendations, most children in the current study exhibited high risk activity profiles. Multifaceted interventions focusing on both physical activity and television watching-particularly on weekend days-are urgently needed. In this regard, younger children may benefit more from physical activity interventions, while ethnic-specific interventions focusing on television watching may be most efficacious.
